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(54) Ferritic stainless steel plate and method 

(57) A ferritic stainless steel plate of excellent ridg- 
ing resistance and formability, as well as a manufactur- 
ing method thereof are proposed. Specifically, the rolling 
is conducted at a rolling reduction of 30% or more in at 
least 1 pass and at a temperature difference between 
the center of the plate thickness and the surface of . 
200°C or lower in a pass for the maximum rolling reduc- 



tion to cause the area ratio of a {111) orientation colony 
to be present by 30% or more in the regions of 1/8 to 
3/8 and 5/8 to 7/8 of the plate thickness. The {111} ori- 
entation colony is an assembly of adjacent crystals in 
which the angle of <111 > orientation vector for each of 
the crystals relative to the direction vector vertical to the 
rolling surface is within 1 5°. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



E22 JJ? T °" ?° nCernS 3 femt,C Stain,ess s,eel P |ate and a manufacturing method and, more in particular it 

ofatl^ln iTn TtT St6el P ' ate WhiCh ' thr ° Ugh0Ut this s P eci «<*«°n and claims also includes 3s np the 
^ plate having excellent ndging resistance and formability such as press workability and bendability. 

Description of the Related Art 

SKS-iTr* 0 f tain 'f SS Stee ' S h3Ve bee " Uti ' i2ed in Various fields such as kitchen ^ensils or automobile parts since 
«?■ rtdgVr^i^e 00 COrr ° Si0n CraCkS ' - e -^-^e. ^ave improved deep drav^ng p^pemes aS 

SJSL^I! ! teld °' USS f ° r the ferritiC Stainless steels has been extend *d. more stringent standards have been 
. ^ ° f formabillt y Characteristics, such as bulging properties or bendability in Sio to 
tS2X!S mm l a " d ; ld f S^istance. The bulging property of the plate is a measure of how rn^a cetrS 

Sold b„ P h! IT ' 6 k 9 f "ST br6akage Whe " " JS bU ' 9ed b * P ressi "9 wittl ,he P |a '« «* constrained ThTs 
.s ind.cated by the bulging he.ght, which is distinguished from the deep drawing property (evaluated as the "r valued 
by pressing without constraining the plate ends. lewaiuaiea as me rvalue) 

Etr^ im P rovin 9. th f k dee P drawi "3 Pities and ridging resistance of the ferritic stainless steels, a technique 
for controlling colonies in the steel plates has been proposed recently. recnnique 
EH!?,- Ac °°/ C,i '! 9 10 the studies 80 far on coloni ^ which are defined as groups of crystal grains having identical 
onentet.onithasbeenconsideredmosteffectiveforthe improvement of ridging resistance to make ^ 
For example Japanese Patent Laid-Open NO. 330887/1 998 discloses a meLd of improving ridging^estetarj bv 

TtSZi 9 , f ^ in mS direCti ° n ° f the P ' ate ,hiCknSSS Wi,hin an RD ^ - hoCL Fta 

6 hereinafter s,mply referred to as the RD) plane to 30% or less of the plate thickness thereby reducing Il n, 

raloT^T di Tl fon ° f If* P ' ate thiCknSSS ' and impr0Vina th6 dee P P-Pe^CeS'ng 11 SJSS 
ratio of a {1 1 1 } onentation colony to 1 5% or more, as shown in Fig 6 voiumetnc 

f^?n °M th L°I h ^ r hand ' there haS been an attempt of utilize specified colonies. For example Japanese Patent 
e^ 

!L niKTrJ . * u ^ eby ,m P rov,n 9 the ^ging resistance of the plate and increasing the ratio of 
Snnii } , ° n . C ^ the direCti °" ° f the Plate width t0 im P rave the d <*P d rawing property (r vafue) 
[0007] In any of the methods described above, it is intended to improve the deep drawing prepW value) bv 
causmg a great amount of the {111} orientation colony to exist, and to improve the ridging resistance^ e plate Z 
making the size of the {111) orientation colony smaller resiwance o? ine plate by 

S2.°^L H ° h WeVer ; alt !!° U9h . the dSep dfawing P ropert y and ,he rid 9 in 9 resistance can be improved by the techniques 

TSiSSS^ ° r r arkab ! y imPf0Ve alS ° the bU,9ing pr °P erty 0f the P' ate - Ja P anese PatentSd-Spen 

to in^imuo^li h ^^^^ techmgue of improving ridging resistance together with pressing workability. This intends 

LTST ? f P P, ;? Perty (r ValUe) " ,he ridging resistance and the bulging propel togetheTbySntmlq 

the temperature , for at rough rolling (1000 to 1150'C), friction coefficient (0.3 or less) rolling reduction (40 Sand 
strain rate (7 - 100 vs) thereby promoting realization at the center of the plate thickness. However eve ttis 

So, qU o Ca r f T"* C ° Pe With ,he demand f0r large bu, 9 in 9 ca P abilit y decent years. 
[0009] On the other hand, since cracks have sometimes occurred upon severe bending of stainless steel plates the 
bending resistance has also become one of the important characteristics required. Cracks upon bend ng hav been 

SSSSSTS !? "IE ■ n ° n ' metal indUSi ° n in lhe SteelS " Particula ^ il has bee " kn ™" 'hat "A type K£S 

Standard ) Q0202 ) e **" d * d * the rolling direction, iJSjuKS!, 
the surface of the steel plates, g.ve undesired effects ("Iron and Steel" by Otake, et al, 46 (1 960). p. 1273) For instance 
Japanese Patent La.d-Open No. 239600/1993 discloses a method of improving bendability by replacing A type toclu ' 
sions suffering from work-induced plastic deformation with "C type inclusions" (No.31 34 define b Ts GoS 2 ) such 

Z%ZZZ?«s::T irr T la ; ly ; n ,he stee,s with no p,astic dc,ormation Further ' * 252 

"gher^ 

SnlroLnT 6 " ^ Laid "° P6n N °' 104818/19 ™ d ^closes a technique of improving bendability by 

controll.ng chem,cal compositions as Mn/Si 5 1 .4 and decreasing MnO . SiO z type inclusions * * 

[00 1 However, since each of the techniques described above is a method of controlling the ingredients in the steels 
it mvolves a problem of increasing production cost and production and. thus, resuming in reduction of produ^ 
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[001 2] In view of the above, it is an object of this invention to overcome the problems in the prior art described above, 
and to create a ferritic stainless steel plate having excellent ridging resistance and formability (such as deep drawing, 
bulging and bendability), as well to provide a novel manufacturing method. 

[0013] This invention further has, as an object, to provide a ferritic stainless steel plate having excellent ridging 
5 resistance and formability, as well as a manufacturing method, with no particular requirement of special chemical 
compositions such as reduced content of C or N, addition of 71 or Nb, high purification or control of the Mn/Si rates. 

SUMMARY OF THE INVENTION 

10 [0014] We have carefully studied the relationship between the ridging and the crystal orientation distribution in the 
direction of the plate thickness, for attaining the foregoing purpose. As a result, we have discovered a new way of 
improving ridging resistance and formability (such as the deep drawing, bulging and bendability) of general purpose 
ferritic stainless steel plates typically represented by SUS430 and the like. We have discovered that it is important to . 
positively utilize a {111} orientation colony and. particularly, that it is extremely effective to control the colony in a 

is specified position within the transverse direction (TD) plane of the plate, hereinafter simply referred to as the TD plane. 
It is important, specifically, to distribute more {111} orientation colonies in the two regions which comprise 1/8 to 3/8 
and 5/8 to 7/8 of the plate thickness, in which columnar crystals are formed within the cross section in the direction of 
the plate thickness. Further, it has also been found that plate bendability is further Improved by controlling the mean 
crystal grain size of the steel within a predetermined range. 

20 ■ : 

(1 ) The ferritic stainless steel plate of this invention has the following characteristics: 

The area ratio of {111} orientation colonies, defined as below measured, in the cross section in the direction of the 
plate thickness cut into a rolling direction, is defined to be about 30% or more in the regions extending from 1/8 to 
3/8, and the regions extending from 5/8 to 7/8 of the plate thickness within the cross section, in the direction of the 

25 plate thickness: The {111} orientation colony is an assembly of adjacent crystals in which the angle a of the <111> 

direction vector of each crystal relative to the orientation vector vertical to the rolling surface, is within 1 5°. That is 
shown as the orientation of the normal direction in Fig. 6, hereinafter referred to as the "ND M orientation. 

The rolling surface indicates the surface of the rolling material. Referring to Fig. 6, this is a surface in parallel 
with the ND plane, which indicates the top surface or bottom surface of the rolling material. 

30 (2) A ferritic stainless steel plate having excellent ridging resistance and formability as defined in (1) above, wherein 

the mean crystal grain size is from about 3 to 1 00 ujm,' preferably, about 3 to 60 ujti. 

(3) A method of manufacturing a ferritic stainless steel plate having excellent ridging resistance and formability by 
rough rolling and finish roiling slabs in hot rolling, applying annealing and cold rolling to the hot rolled plates and 
then applying finish annealing, wherein the rough rolling is conducted at a rolling reduction in at least one pass in 
35 the rough rolling step of the hot rolling of about 30% or more, and at a temperature difference, between the center 

of the plate thickness and the plate surface, of about 200°C or lower in the pass where the rolling reduction is 
maximum. . 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0015] 

Fig. 1 is a graph illustrating the relationship between the area ratio of the {111} orientation colony in the regions of 
1/8 to 3/8 and 5/8 to 7/8 of a plate thickness, and the "r value" and ridging height; 
45 Fig. 2 is a graph illustrating the relationship between the area ratio of the {111} orientation colony in the regions of 

1/8 to 3/8 and 5/8 to 7/8 of the plate thickness, and the ridging height and the bulging height; 
Fig. 3 is a microscopic view showing a cross section of a plate, and measurements of crystal orientation distribution 
by Electron Back Scattering Diffraction method (EBSD) for cold rolled annealed plates of the examples and com- 
parative examples; 

so Fig. 4 is a graph illustrating the temperature difference between the center of the plate thickness and the surface, 

as related to the formation of the {111} orientation colonies in the regions between 1/8 to 3/8, and in the regions 
between 5/8 to 7/8 of the plate thickness; 

Fig. 5 is a graph illustrating the effect of the maximum rolling reduction per single pass of rough rolling on the 
formation of the {111} orientation colonies in the regions between 1/8 to 3/8 and between 5/8 to 7/8 of the plate 
55 thickness {111}; and 

Fig. 6 is an explanatory view showing each of the directions and planes of the RD (Rolling Direction), the TD 
(Transverse Direction), and the ND (Normal Direction). 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 6] Results of experiments are now described. After preparing fenitic stainless steels comprising the chemical 
compositions shown in Table 1 by melting, they were each formed into continuously cast slabs of 200 mm thickness 
heated to 11 70°C and then subjected to hot rolling comprising 6 passes of rough rolling and 7 passes of finish rolling' 
to prepare hot rolled plates having 4.0 mm thickness. In this case, the maximum rolling reduction in the rough rolling 
procedure was within the range from 24 to 63%, and the temperature difference between the center of the plate thick- 
ness and the surface of the plate just before the nip of the roll was changed within a range lower than 233°C The 
temperature difference between the center of the plate thickness and the surface of the steel plate was controlled 
mainly by controlling the amount of cooling water for descaling , within a range from 0 to 6800 liters/min/m The rough 
hot rolling was conducted with a roll diameter of 500 to 1500 mm and at a roll speed ranging from 50 to 500 m/min 
Then, hot rolled plates were annealed at 850°C for 8 hours or at 900 to 960°C for one min, cold rolled and then 
subjected to finish annealing at 598 to 1125'C for 324 sec or less, to prepare cold rolled annealed plates havino 0 6 
mm plate thickness. 

[001 7] Since surface and internal temperatures of the steel plate during hot rough rolling cannot be measured actually 
evaluation was based on heat conduction measurements using the differentiation method that has been adopted gen- 
erally. According to the differentiation method, it has been known to those skilled in the art that the surface temperature 
and the inner temperatures of the steel plate after lapse of optional time can be determined exactly by using the actually 
measured temperature of the surface of the steel plate, the size of the steel plate before and after rolling the roll 
diameter, the amount of cooling water, the heat conduction coefficient between the steel plate and the roll and the heat 
conduction coefficient between the steel plate and the cooling water. The actual measured value of the internal tem- 
perature of the steel plate can be measured by embedding thermocouples in the body of the steel plate. It has been 
confirmed that this measured value approximately agrees, with a high degree of accuracy, with the value calculated 
in accordance with the heat conduction differentiation method. 

[0018] In this invention, the surface and internal temperatures of the steel plate during hot rough rolling were deter- 
mined by using a temperature forecasting model (Reference literature: by Devadas. C. M., & Whiteman, J.A.: Metal 
Science, 13 (1979), p 95) while considering the material temperature (Reference literature; "Journal of the Japan 
Society for Technology of Plasticity ■ by Okado, vol.1 1 (1 970) p 81 6-), the roll temperature (Reference literature- "Iron 
and Steel", by Sekimoto, et al, 61 (1 975), p 2337 - 2349) and the rolling load (Reference literature "Theory and Practice 
of Plate Rolling" published from Nippon Tekko Kyokai; Japan Steel Association (1984) p 36 - 37). Concretely the 
temperature of the plate surface before hot rough rolling was determined by heat conduction differentiation based on 
the heating pattern in a furnace starting from the value actually measured for the slab surface temperature by a radiation 
thermometer just before charging into the heating furnace. The mean value was actually measured at three points, 
that is, at the center of the slab width and at about 200 mm positions each from the ends of the slab in the width direction 
of the slab in the longitudinal central portion of the slab, to extraction from the heating furnace. Further, the temperature 
on the surface of the plate and the temperature at the center of the plate thickness just before the nip of the roll in each 
of the stands of the rough rolling mill were determined by heat conduction differential calculation starting from the mean 
value for the temperature in the direction of the plate thickness upon extraction from the heating furnace, and based 
on subsequent hysteresis such as contact with the roll, contact with coolants such as cooling water and spontaneous 
40 cooling. w 

[0019] To obtain the results : examination was made regarding the effect of the ratio of the {111} orientation colonies 
in the 1/8 to 3/B regions and the 5/8 to 7/8 regions of the plate thickness within the cross section in the direction of the 
plate thickness. The effects on the deep drawing properties and the ridging resistance (evaluated by the ridging height) 
for the thus obtained rolled annealed plates are shown in Fig. 1 , using "steel A" in Table 1 . The result of the examination 
regarding the effect of the {111} orientation colony area ratio in the 1/8 to 3/8 regions and the 5/8 to 7/8 regions of the 
plate thickness on the bulging height is shown in Fig. 2. 

[0020] An {1 11 } orientation colony is an assembly of adjacent crystals, which means an assembly of adjacent crystals 
in which the <1 1 1 > orientation vector for each crystal is within 1 5° of an angle a relative to the orientation vector vertical 
to the rolling surface (ND orientation) . For the {1 1 1 } orientation colony, the orientation of the crystals in the cross section 
in the direction of the plate thickness (the TD plane referred to in Fig. 6) cut along the direction of rolling at the widthwise 
center of the steel plate at a 1 u,m measuring distance, by the EBSD (Electron Back Scattering Diffraction) method, to 
determine the area ratio of the {111} orientation colony in the 1/8 to 3/8 region and in the 5/8 to 7/8 region of the plate 
thickness. Since it is generally considered that the orientation colony of the hot rolled plate is extended in the rolling 
direction and is cut along the rolling direction, so as to easily find the orientation colony by cutting along the rollina 
55 direction. 9 

[0021] Further, the mean crystal grain size, the deep drawing properties, the ridging resistance and the bulging 

properties were measured by the methods discussed below. 

[0022] Determination of properties of the plates are now described. 
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Mean crystal grain si7e: 

[0023] The mean crystal grain size was determined by cutting, using an optical microscope, drawing lines each at 
10 nm intervals on a microscopic photograph, measuring the number of crystal grains on the lines, and taking the 

5 average value. Deep drawing property: 

[0024] JIS (Japanese Industrial Standard) No. 13 B test specimens (sampled from three positions at the central 
portion of the plate width and at each of 200 mm points, from the plate ends in the direction of the plate width on every 
50 m interval along the length of the plate) were used and applied with 15% monoaxial preliminary tensile strain to 
determine the r value in each of the directions in accordance with the three point method (r L , r D , r c ), the rvalues for 

10 each of the sampled positions were calculated in accordance with the following equation and an average value was 
determined. 



15 



20 



r = (r L + 2r D + r c )/4 

in which r L . r 0 and r c represent, respectively, r values in the rolling direction, and in a direction of 45° to the rolling 
direction, and in a direction of 90* to the rolling direction. 

Ridging resistance: 



[0025] After applying 20% tensile strain to JIS No. 5 test specimens sampled in the rolling direction (sampled from 
three positions at the central portion of the plate width and at each 200 mm point from the plate ends in the direction 
of the plate width, taken at every 50 m interval along the plate), the ridging height (u,m) was measured using a surface 
roughness gauge, and the ridging resistance was represented by the maximum value among them. A lower ridging 
25 height provides a higher ridging resistance. 

Bulging property (liquid pressure bulge test) JIS G 1521 : 

[0026] The test specimens were sampled from three positions, at the central portion of the plate width and at each 
30 200 mm point from the plate ends in the direction of the plate width on every 50 m interval along the length of the plate. 
A liquid pressure bulge test was conducted at a clamping pressure of 980 kN using a 100 mm$ circular die to determine 
the bulging height. 

[0027] The following trend can be seen from Fig. 1 . As the area ratio of the {111} orientation colony exceeds 30% in 
the 1/8 to 3/8 regions and the 5/8 to 7/8 regions of the plate thickness, the r value exceeds 1 .3 and is stabilized at a 

35 high r value of about 1 .5. Further, the ridging height is abruptly lowered in the region where the area ratio of the {111} 
orientation colony is 30% or more to about 4 u,m or less, and the ridging resistance was improved. 
[0028] Further, as shown in Fig. 2, when the area ratio of the {111} orientation colony in the 1/8 to 3/8 regions and 
in the 5/8 to 7/8 regions of the plate thickness exceed 30%, the bulging height exceeds 30 mm and it tends to be 
stabilized at a high value of about 37 mm. 

40 [0029] Fig. 3 shows an example of measurements of crystal orientation distribution for cold rolled annealed plates 
having excellent deep drawing and ridging properties (example of the invention) and cold rolled annealed plates having 
poor deep drawing properties and ridging resistance (comparative example), by sampling test specimens at a 1/2 
position in the direction of the plate width and in an observing direction toward the plate width direction (TD direction) 
by the EBSD method over the entire plate thickness (0.6 mm). From Fig. 3, it can be seen that the existing ratio of the 
{111 } orientation colony (the gray portion in the drawing) is high mainly in the 1/8 to 3/8 regions of the plate thickness 
and in the 5/8 to 7/8 regions of the plate thickness. 

[0030] In Fig. 3. the showing appears gray when the angle a is formed between the orientation vector vertical to the 
rolling surface (ND direction in Fig. 6) and the <111> direction vector for each of crystals. 

[0031 ] Further, the reason for defining the orientation distribution, the mean crystal grain size and the manufacturing 
so method of ferritic stainless steel plates within the range described above in this invention, will be described. 

Orientation distribution and surface for observing the mean crystal grain size in the rolling direction: 

[0032] Since it is considered that each orientation colony in the hot rolled plate generally extends in the rolling di- 
55 rection, and that the orientation colonies can be found easily by cutting along the rolling direction, it is indeed cut in 
the rolling direction. However, in the event that this can be recognized as the orientation colony, cutting is not necessarily 
restricted exactly to the rolling direction. 

Area ratio of {111} orientation colony in the 1/8 to 3/8 regions and in the 5/8 to 7/8 regions of the plate thickness: 30% 
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or more 

[0033] For improving the deep drawing property, the ridging resistance and the bulging property, it is important to 
positively form the {111} orientation colony in the 1/8 to 3/8 regions and in the 5/8 to 7/8 regions of the plate thickness 
corresponding to the slab columnar crystal portion, which is also indispensable for the improvement of the bulging 
property. 

[0034] As is shown in Figs. 1 and 2, if the area ratios of the {111} orientation colonies, in the regions 1/8 to 3/8 and 
5/8 to 7/8 of the plate thickness, is less than about 30%, the ridging height increases abruptly at about 20 u.m or more 
and, the rvalue is lowered as less than 1.3 and the bulging height is also lowered as less than 30 mm. Particularly, 
the bulging height (Fig.2) increases abruptly when the area ratio of the aforesaid {111} orientation colonies exceeds 
30%. Accordingly, the area ratio of the {111} orientation colonies, in the regions between 1/8 to 3/8 and between 5/8 
to 7/8 of the plate thickness, is defined as about 30% or more. More preferably, the area ratio is about 50% or more. 

Mean crystal grain size: about 3 to 1 00 pjn 

[0035] The mean crystal grain size has an effect on the degree of occurrence of cracks upon bending. If the mean 
crystal grain size is fine as less than about 3 ^m, this results in shortening of the annealing time of the cold rolled plate 
for preparing them in which recrystaJlization does not proceed sufficiently and strains caused in the steel during rolling 
are released upon bending tending to cause bending cracks. In coarse grains having a mean crystal grain size ex- 
ceeding about 100 |im, cracks tend to occur during bending, and ductility is lowered. Therefore, the mean crystal grain 
20 size is defined within a range from about 3 to about 1 00 ujn, preferably, about 3 to 60 |im. The mean crystal grain size 
can be controlled mainly by a finish annealing treatment, to be described later. 

Temperature difference between the center of the plate thickness and the plate surface: about 200°C or lower 

25 [0036] Fig. 4 shows the relationship between the area ratio of the {111} orientation colonies in the 1/8 to 3/8 regions 
and in the 5/8 to 7/8 regions of the plate thickness of the cold rolled annealed plate and the temperature difference 
between the center of the plate thickness and the plate surface during hot rolling. It can be seen from Fig. 4 that the 
respective {111} orientation colonies are present in an area ratio of about 30% or more in each of the cold rolled 
annealed plates, within the range in which the temperature difference between the center of the plate thickness and 

30 the surfaces is in a range of about 200°C or lower, except for those having the rough rolling maximum rolling reduction 
not reaching about 30%. 

[0037] If the temperature difference between the center of the plate thickness and the surface just before the nip of 
the rolling roll exceeds about 200°C. it is considered that the (1 1 1 } orientation colony can not be easily formed at about 
30% or more since the behavior upon recrystallization differs greatly between the central portion of the plate thickness 

35 and the vicinity of the surface. Heat conduction to the roll occurs by rolling and a temperature distribution is applied to 
the rolled material in the direction of the plate thickness, in which the temperature difference, as maximized just after 
rolling, is averaged and reduced by the heat conduction in the direction of the plate thickness with lapse of time, and 
the temperature difference is reduced to zero after the lapse of a sufficient time (about 30 sec) 
[0038] As described above : the temperature difference between the center of the plate thickness and the surface 

40 just before the nip of the rough rolling roll is caused by the previous pass, and the temperature difference is also caused 
by temperature distribution formed in the direction of the plate thickness during heating in a heating furnace, or caused 
by the coolant (usually, water), applied to the surface of the rolling material with an aim of descaling just before rough 
rolling. Further, the temperature difference is determined based on the rolling speed and the time until the temperature 
is averaged by heat conduction in the direction of the plate thickness. 

45 

Maximum rolling reduction per single pass of rough rolling: about 30% or more 

[0039] From the result of the experiment described above, Fig. 5 shows a relationship between the area ratio of the 
{111} orientation colonies in the 1/8 to 3/8 and 5/8 to 7/8 regions and the maximum rolling reduction per single pass of 
so rough rolling. It can be seen from Fig. 5 that the {111} orientation colonies having an area ratio of 30% or more are 
formed in the aforementioned regions of 1/8 to 3/8 and 5/8 to 7/8 of the plate thickness. From the foregoing, it is 
necessary to make the maximum rolling reduction, at least per single pass, about 30% or more in the rough rolling 
step in order to ensure an area ratio of the {111} orientation colonies by about 30% or more in the 1/8 to 3/8 regions 
and in the 5/8 and 7/8 regions of the plate thickness. 

55 

Finish annealing: about 700 to 1100°C, within about 300 sec. 

[0040] For controlling the mean crystal grain size to a range of about 3 to 1 00 urn defined in this invention, the finish 
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annealing condition is preferably set to an optimal condition. If the temperature for the finish annealing is lower than 
about 700°C, recrystallization does not extend completely into the central portion of the steel plate, and it is difficult to 
obtain sufficient formability. particularly bendability. Further, if it is annealed at a temperature exceeding about 1 1 00°C, 
the crystal grain is grown coarser than required, tending to cause cracks upon bending. Also in a case where the 
5 annealing time exceeds about 300 sec, the crystal grains also become coarser, worsening bendability. Accordingly, 
the finish annealing is desirably conducted within a temperature range from about 700 to 11 00°C, preferably, about 
800 to 1000°C, and within a time of about 300 sec or less, preferably, about 10 to 90 sec. 

[0041] This invention is applicable with no problems to ferritic stainless steels of various chemical compositions and, 
particularly, applicable also to ferritic stainless steels with no particular requirements of specific chemical compositions, 

10 including C, N, or with no addition of Ti or Nb, or no need for high purification or Mn/Si control, for example. 

[0042] Concrete chemical compositions to which this invention is applicable advantageously can include (mass% 
basis), 0.1% or less of C, 1 .5% or less of Si, 1 .5% or less of Mn, 5 to 50% of Cr, 2.0% or less of Ni, 0.08% or less of 
P, 0.02% or less of S, and 0.1% or less of N and, optionally, one or more of elements selected from 0.5% or less of 
Nb, 0.5% or less of Ti, 0.2% or less of Al; 0.3% or less of V, 0.3% or less of Zr, 2.5% or less of Mo. 2.5% or less of Cu, 

15 2.0% or less of W, 0 i% or less of REM, 0.05% or less of B, 0.02% or less of Ca and 0.02% or less of Mg, and the 
balance of Fe and inevitable impurities. 

[0043] In addition, it is preferred in this invention that the slab heating temperature in the hot rolling is from about 
1000 to 1300°C and, preferably, from about 1100 to 1200°C in view of the surface property and that the rolling tem- 
perature is from about 600 to 1000°C, preferably, from about 700 to 950°C as the temperature at the finish rolling exit 
20 in view of the surface property and ensure for the workability. Further, annealing for the hot rolled plate is preferably 
conducted at about 700 to 1 1 00°C for about 1 0 sec to 1 0 hours depending on the kind of steel. Further, while the cold 
rolling may be finished in accordance with the plate thickness of the products, the cold rolling reduction is preferably 
about 50% or more with a reason of further improving the pressing workability. 

25 EXAMPLES 

[0044] The following examples are not intended to define, or to limit, the scope of the invention as defined in the 
claims. 

[0045] Ferritic stainless steels comprising the chemical compositions and the substantial balance of Fe shown in 
30 Table 1 were prepared by melting each into a continuously cast slab of 200 mm thickness, heated to 1 1 70°C and then 
hot rolled, comprising 6 passes of rough rolling and 7 passes of finish rolling, to prepare hot rolled plates of 4.0 mm 
plate thickness. In this case, the maximum rolling reduction of the rough rolling step was varied in the range from 24 
to 63%, and the temperature difference between the center of the plate thickness and the plate surface just before the 
rolling roll nip, in the pass for maximum rolling reduction, was changed variously within a range of 233°C or lower. The 
35 method of determining the temperature difference between the center of the plate thickness and the surface was already 
described above. The temperature difference between the center of the plate thickness and the plate surface was 
mainly controlled by adjusting the amount of cooling water between 0 to 6800 liters/min/m, and rough rolling was 
conducted within the range of the roll diameter of 500 to 1500 mm and the roll speed of 50 to 500 m/min. Then, hot 
rolled plates were annealed at 850°C for 8 hours or at 900 to 960°C for one min and after cold rolling, finish annealing 
-to was conducted while changing the temperature and the time within various ranges to form cold rolled annealed plates 
of 0.6 mm plate thickness. 

[0046] For the thus obtained steel plates, the area ratio of {111} orientation colony in the two regions comprising 1/8 
to 3/8 and 5/8 to 7/8 of the plate thickness, and the mean crystal grain size within a cross section vertical to the plate 
width were measured, respectively. The results are shown together with the deep drawing property (r value) , the 
is bulging height, the bendability (occurrence of cracks) and the maximum ridging height in Tables 2, 3 and 4. 

[0047] For the area ratio of the { 1 1 1 } orientation colony, the crystal orientation in the cross section of the entire plate 
thickness (0.6 mm) x rolling direction 0.9 mm by the EBSD method was measured to determine the area ratio of the 
{111} orientation colony in the each of the regions 1/8 to 3/8 and 5/8 to 7/8. 

[0048] Further, bendability was evaluated by applying a 20% tensile strain to JIS No. 5 test specimens sampled in 
50 the rolling direction and then conducting complete contact bending at 1 80°, and based on the absence or presence of 
cracks formed in the bent portion. Further, the deep drawing property (r value) , the maximum ridging height and the 
bulging height were measured in accordance with the same methods as those explained for the result of the experiment. 
[0049] As shown in Table 2 to Table 4, it can be seen' that examples of the invention had excellent deep drawing 
properties (r value), bulging properties, bendability and ridging resistance, compared with those of the comparative 
55 examples. 

[0050] As has been described above, we have discovered how to provide ferritic stainless steel plates that have 
excellent ridging resistance and formability by controlling the rough rolling in the hot rolling procedure to ensure the 
important area ratio of the {1 1 1 } orientation colonies in the regions 1 /8 to 3/8 and 5/8 to 7/8 of the plate thickness, by 
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about 30% or more. 

[0051] Further, according to this invention, since the foregoing effects can be obtained in ferritic stainless steels 
including general purpose steels such as SUS430 with no particular requirements of special chemical compositions 
particularly, reduction of C or N, addition of Ti or Nb and the like This invention greatly contributes to the enjoyment of 
a stable supply of ferritic stainless steel plates at reduced cost, and having excellent characteristics 
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Claims 

1 . A ferritic stainless steel plate containing a plurality of {1 1 1} orientation colonies comprising an assembly of adjacent 
crystals in which the angle of the <1 1 1 > direction vector of each crystal relative to an orientation vector vertical to 
the rolling surface is within about 15°, in which the area ratio of a {111} orientation colony measured for cross 
section in the direction of the plate thickness cut into the rolling direction is about 30% or more in the regions of 
between about 1/8 to 3/8 and between about 5/8 to 7/8 of the plate thickness within the cross section in the direction 
of the plate thickness. 

2. A ferritic stainless steel plate as defined in claim 1 , wherein the mean crystal grain size is from about 3 to 1 00 um 

3. A ferritic stainless steel plate as defined in claim 2, wherein said mean crystal grain size is from about 3 to 60 urn. 

4. A ferritic stainless steel plate as defined in claim 1 , wherein said ferritic stainless steel plate has a steel composition 
comprising, on a mass% basis, approximately the following:0.1% or less of C, 1 .5% or less of Si 1 5% or less of 
Mn, 5 to 50% of Cr, 2.0% or less of Ni, 0.08% or less of P, 0.02% or less of S and 0.1 % or less of N, and the balance 
Fe and incidental impurities. 

5. A ferritic stainless steel plale as defined in claim 4, which further comprises one or more elements selected from 
the group consisting of about 0.5% or less of Nb, about 0.5% or less of Ti, about 0.2% or less of Al about 0 3% 
or less of V, about 0.3% or less of Zr, about 2.5% or less of Mo, about 2.5% or less of Cu, about 2.0% or less of 
W, about 0.1 % or less of rare earth metals, about 0.05% or less of B, about 0.02% or less of Ca and about 0 002% 
or less of Mg. 

6. A method of manufacturing a ferritic stainless steel plate having excellent ridging resistance and formabilitv com- 
prising: " 



rough rolling and finish rolling slabs in hot rolling, applying annealing and cold rolling to the resulting hot rolled 
plates, and 
30 applying finish annealing, 

wherein said rolling is conducted at a rolling reduction in at least one pass in said rough rolling step of said 
hot rolling of about 30% or more, and 

maintaining a temperature difference between the center of said plate thickness and the plate surface of about 
200°C or less in said pass where said rolling reduction is maximum. 



A method of manufacturing a ferritic stainless steel plate as defined in claim 6, wherein said finish annealing is 
performed at an annealing temperature of from about 700 to 1100°C and during an annealing time of about 300 
sec or less. 

A method of manufacturing a ferritic stainless steel plate as defined in claim 7, wherein said annealing temperature 
is from about 800 to 1 000°C and said annealing time is about 1 0 to 90 sec. 
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